Differential screening of the genes obtained from cDNA libraries of primary neuroblastomas (NBLs) between the favorable and unfavorable subsets has identified a novel gene BCH motif-containing molecule at the carboxyl terminal region 1 (BMCC1). Its 350 kDa protein product possessed a Bcl2-/adenovirus E1B nineteen kDa-interacting protein 2 (BNIP2) and Cdc42GAP homology domain in the COOHterminus in addition to P-loop and a coiled-coil region near the NH 2 -terminus. High levels of BMCC1 expression were detected in the human nervous system as well as spinal cord, brain and dorsal root ganglion in mouse embryo. The immunohistochemical study revealed that BMCC1 was positively stained in the cytoplasm of favorable NBL cells but not in unfavorable ones with MYCN amplification. The quantitative real-time reverse transcription-PCR using 98 primary NBLs showed that high expression of BMCC1 was a significant indicator of favorable NBL. In primary culture of newborn mice superior cervical ganglion (SCG) neurons, mBMCC1 expression was downregulated after nerve growth factor (NGF)-induced differentiation, and upregulated during the NGF-depletion-induced apoptosis. Furthermore, the proapoptotic function of BMCC1 was also suggested by increased expression in CHP134 NBL cells undergoing apoptosis after treatment with retinoic acid, and by an enhanced apoptosis after depletion of NGF in the SCG neurons obtained from newborn mice transgenic with BMCC1 in primary culture. Thus, BMCC1 is a new member of prognostic factors for NBL and may play an important role in regulating differentiation, survival and aggressiveness of the tumor cells.
Differential screening of the genes obtained from cDNA libraries of primary neuroblastomas (NBLs) between the favorable and unfavorable subsets has identified a novel gene BCH motif-containing molecule at the carboxyl terminal region 1 (BMCC1). Its 350 kDa protein product possessed a Bcl2-/adenovirus E1B nineteen kDa-interacting protein 2 (BNIP2) and Cdc42GAP homology domain in the COOHterminus in addition to P-loop and a coiled-coil region near the NH 2 -terminus. High levels of BMCC1 expression were detected in the human nervous system as well as spinal cord, brain and dorsal root ganglion in mouse embryo. The immunohistochemical study revealed that BMCC1 was positively stained in the cytoplasm of favorable NBL cells but not in unfavorable ones with MYCN amplification. The quantitative real-time reverse transcription-PCR using 98 primary NBLs showed that high expression of BMCC1 was a significant indicator of favorable NBL. In primary culture of newborn mice superior cervical ganglion (SCG) neurons, mBMCC1 expression was downregulated after nerve growth factor (NGF)-induced differentiation, and upregulated during the NGF-depletion-induced apoptosis. Furthermore, the proapoptotic function of BMCC1 was also suggested by increased expression in CHP134 NBL cells undergoing apoptosis after treatment with retinoic acid, and by an enhanced apoptosis after depletion of NGF in the SCG neurons obtained from newborn mice transgenic with BMCC1 in primary culture. Thus, BMCC1 is a new member of prognostic factors for NBL and may play an important role in regulating differentiation, survival and aggressiveness of the tumor cells.
Introduction
Neuroblastoma (NBL) is one of the most common pediatric neoplasms and originates from the sympathoadrenal lineage of neural crest. However, its biological as well as clinical behavior is highly heterogeneous. The tumors occurred in the patients under 1 year of age have a tendency to spontaneously regress or differentiate (Evans et al., 1976) . On the other hand, the tumors found in the patients more than 1 year of age are usually aggressive and often kill the patients. The latter subsets of the tumor frequently have multiple genomic aberrations which include frequent loss of the distal part of the short arm of chromosome 1, amplification of the MYCN oncogene, and gain of chromosome 17q, all of which are associated with unfavorable prognosis (Brodeur et al., 1984; Caron, 1995) .
Although the molecular mechanism underlying regression of NBL is still unclear, accumulating evidence suggests that the signals from neurotrophic factors and their receptors play an important role in regulating growth, differentiation and programmed cell death. High expression of TrkA, a high affinity receptor for nerve growth factor (NGF), is associated with the favorable outcome, and there is an inverse correlation between TrkA expression and MYCN amplification. Cells expressing functional TrkA may be susceptible to either programmed cell death leading to tumor regression, especially in infants, or to differentiation to a benign ganglioneuroma. Thus, like normal sympathetic neurons, a limited amount of NGF may be supplied from the stromal cells such as Schwann cells and fibroblasts, that at least partly regulates differentiation and programmed cell death of the NBL cells. In contrast, TrkB, another family member, is preferentially expressed in aggressive NBL cells together with its preferred ligands BDNF and NT-4/5 which stimulate proliferation in an autocrine/paracrine manner, conferring potency to invade and/or metastasize on the tumor cells (Nakagawara et al., 1993 (Nakagawara et al., , 1994 .
The proto-oncogene bcl-2 encodes a 25-kDa mitochondrial membrane protein that inhibits programmed cell death (Hockenbery et al., 1990; Garcia et al., 1992; Oltvai et al., 1993) . The recent reports have suggested that bcl-2 protein is expressed at relatively high levels in both NBLs and neural crest cells. However, the role of bcl-2 in the regulation of differentiation and survival of NBL cells is still elusive.
In order to clarify the molecular mechanism of cellular signaling related to regression of NBL, we have cloned a large number of genes from full-length-enriched oligocapping cDNA libraries constructed from two different subsets of NBL with favorable and unfavorable biology (Ohira et al., 2003a, b) . Sequence analysis of the genes from those libraries has revealed that the expression profile is significantly different between the both subsets. Screening by using semiquantitative RT-PCR has shown that more than 500 genes are differentially expressed between them. In the present paper, we report cloning and functional characterization of a novel gene termed as Bcl2-/adenovirus E1B nineteen kDa-interacting protein 2 (BNIP2) and Cdc42GAP homology BCH motif-containing molecule at the carboxyl terminal region 1 (BMCC1), which is preferably expressed in favorable NBL.
Results
Full-length cDNA cloning and structural analysis of the BMCC1 gene As reported previously, we constructed oligo-capping cDNA libraries from different subsets of primary NBLs (Ohira et al., 2003b) . After DNA sequencing both ends of about 10 000 clones randomly picked up, we obtained 5000 independent genes, among which about 2000 were found to be novel by homology search. They were then subjected to semi-quantitative RT-PCR to examine if they are differentially expressed between favorable (stage 1, less than 1-year-old, single copy of MYCN and high expression of TrkA) and unfavorable (stage 3 or 4, more than 1-year-old, amplified MYCN and low expression of TrkA) subsets of NBL. The differential screening in a panel of template cDNAs obtained from 16 favorable and 16 unfavorable primary NBLs demonstrated an interesting novel gene (Nbla00219) which had a BNIP2 and BCH domain, a recently reported new motif which might interact with Bcl-2 protein, at the COOH-terminus. It was preferentially expressed in favorable NBLs.
Sequencing of the Nbla00219 clone showed that the insert size was 2277 bp with a putative open reading frame (ORF) of 1452 bp (484 amino acids) localized at the 5 0 -end region. The database search demonstrated that the Nbla00219 sequence matched to the KIAA0367 cDNA (accession no.: AB002365) with 95% identity as well as a part of the genomic sequence within the BAC clone RP11-146P9 (GenBank accession no.: AL161625) which was mapped to chromosome 9p13. However, there was no in-frame stop codon in the upstream region of the putative initiation site of KIAA0367, suggesting that the coding region of the gene extended over the 5 0 -end. In fact, Northern blot analysis of human fetal brain mRNA using nbla00219 cDNA as a probe demonstrated that the transcript size was approximately 12 kb ( Figure 1d ). In order to determine a full-length cDNA of this gene, we performed gene prediction according to the sequence information from the BAC clone RP11-146P9 by using several algorithm. The exons expected in the upstream region of the gene were confirmed by RT-PCR using cDNA libraries constructed from human fetal brain and/or NBL tissues with favorable prognosis as template with subsequent DNA sequencing. It revealed that the gene contained a large exon of about 6.5 kb within the extended 5 0 -coding region. The predicted 5 0 -side ORF was also confirmed by matching to the several mouse ESTs. Then, we finally identified the full-length Nbla00219 cDNA ( Figure 1a ) with a 5 0 -untranslated region of 323 bp (nt. no. 1-323), an ORF of 8355 bp (nt. no. 324-8497) , and a 3 0 -untranslated region of 3196 bp (nt. no. 8498-11 690) (accession no.: AB050197). The Kozak consensus sequence for translation initiation site (Kozak, 1987) was found at the putative ATG start codon (at position 324), though no in-frame stop codon was found in the upstream region. The blast search against public databases showed no significant homology except BNIP2 (accession no.: XM007602, 52% identity) and Cdc42GAP (accession no.: NM004308, 38% identity) at the COOH-terminal end of the full-length Nbla00219 (Figure 1a and b). Since the region had been termed as the BCH domain which was highly conserved among the three genes (Figure 1c) , we named the full-length Nbla00219 gene as BMCC1.
The BCH domain acts as the GTPase activating protein (GAP) in BNIP2. There are two critical arginine residues, Arg-236 and Arg-238, which are important for conferring the GAP activity to the Cdc42 homodimers (Zhang and Zheng, 1998; Zhang et al., 1999; Low et al., 2000) . In BMCC1, both critical arginine residues were well conserved. Using several algorithms to predict the secondary structure of amino acids and the intracellular localization, we found the coiled-coil motif (amino acids 918-941) and P-loop (amino acids 2293-2300) within the BMCC1 protein ( Figure 1a ). Three putative transmembrane domains (amino acids 2545-2563, 2573-2597 and 2632-2653) were also suggested.
Although BMCC1 was expressed significantly at higher levels in favorable than unfavorable NBLs, the expression levels of BNIP2 family were similar between the NBL subsets ( Figure 2a) .
Expression of BMCC1 in human tissues and cell lines
To study the expression pattern of BMCC1 mRNA in human tissues, we performed semiquantitative RT-PCR. BMCC1 was expressed in many tissues examined except for bone marrow, thymus and spleen (Figure 2c ). The high levels of expression were seen in the nervous system (brain, cerebellum and spinal cord) as well as adrenal gland which were the tissues NBL originated from. We further performed semiquantitative RT-PCR to examine the expression levels of BMCC1 in cultured cell lines including NBL and other cancers. BMCC1 was expressed in most of 17 NBL cell lines tested (Figure 2b ). Among the other cancer lines, high expression of BMCC1 was observed in rhabdomyosar- Increased expression of BMCC1 in favorable neuroblastoma T Machida et al coma, melanoma and some osteosarcoma cell lines, whereas only low levels of expression were found in cancer cell lines of liver, breast, thyroid and colon ( Figure 2d ). We further examined the cell cycledependent expression of BMCC1 mRNA in HeLa cells by using semiquantitative RT-PCR. As shown in Figure 2e , BMCC1 was predominantly expressed in G1 phase of the cell cycle.
In situ hybridization of BMCC1 in mouse embryo In situ hybridization in mouse embryo showed that BMCC1 was specifically expressed in neural tube and neural crest-related tissues. In E10.5 mouse embryo, BMCC1 was highly expressed in neural tube and pharyngeal arches which are derived from neural crest. The expression of BMCC1 seemed to be more restricted in the later stages of development ( Figure 3 ). In E12.5 mouse embryo (Figure 3d ), BMCC1 was expressed in spinal cord, hindbrain, midbrain, forebrain and dorsal root ganglia (DRG). Although the expressions of BMCC1 in E14.5 mouse embryos (Figure 3a and b) were similar to those in E12.5, the regions expressing BMCC1 in hindbrain (Figure 3a) , spinal cord and forebrain at E14.5 ( Figure 3b ) were more dorsally restricted than at E12.5.
Immunohistochemical staining of BMCC1 in primary NBLs
The favorable NBLs occasionally expressed BMCC1 in the cytoplasm of the tumor cells (Figure 4b ). In contrast, The changes in expression of BMCC1 at the cell cycle stages. HeLa cells were synchronized by treatment with 400 mM mimosine for 18 h (G1-phase arrest), with 2 mM thymidine for 20 h (S-phase arrest), or with 0.6 mg/ml nocodazole for 18 h (G2/M-phase arrest) and collected for RNA isolation. Semiquantitative RT-PCR was conducted by using BMCC1 primers and GAPDH control primers.
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Prognostic significance of BMCC1 mRNA expression in human NBLs
The levels of BMCC1 mRNA expression were measured in 98 primary NBLs by using quantitative real-time RT-PCR. The high levels of BMCC1 expression were significantly associated with favorable NBL in stages 1, 2 and 4 ( Figure 4e ). Figure 4f ). The multivariate Cox regression analysis also demonstrated that BMCC1 expression (high vs low), age (o1 year vs X1 year), MYCN copy number (1 copy vs >1 copy), and MS (positive tumors vs sporadic tumors) had prognostic significance (Po0.0005) ( Table 2 ). BMCC1 expression was significantly related to survival (P ¼ 0.007) after controlling age (P ¼ 0.018). However, it lost significance in a model including jointly with MYCN amplification or MS. Furthermore, BMCC1 expression was significantly related to survival (P ¼ 0.027) after controlling age (P ¼ 0.014) and origin (P ¼ 0.403).
Changes in BMCC1 mRNA expression during neuronal differentiation and apoptosis To examine whether exogenous expression of BMCC1 affects the cell growth of neuronal PC12 cells, a rat pheochromocytoma cell line, we transfected the cells with a full-length BMCC1 cDNA. The overexpression of BMCC1 appeared to decrease the cell growth but the result was not statistically significant (data not shown). We then tested if expression of BMCC1 mRNA was changed during neuronal differentiation and/or apoptosis. For that purpose, we used three different neuronal cell lines. The NT2 cell line, which was established from human immature teratocarcinoma and the cells show astrocytic differentiation after treatment with retinoic acid (RA) (Moasser et al., 1996) . The CHP134 NBL cells undergo apoptosis after 3 days of the treatment with RA (Islam et al., 2000) . On the other hand, the RTBM1 human NBL cells are induced to differentiate after the treatment with RA (Nakamura et al., 1998) . We have confirmed that caspase 3 expression was increased in CHP134 cells but decreased in RTBM1 cells at day 7 after treatment with RA by semiquantitative RT-PCR. On the other hand, nestin expression was not changed in the former and slightly increased in the latter (Figure 5a ). Expression of BMCC1 mRNA was downregulated during RA-induced neuronal differentiation in both NT2 and RTBM1 cells, whereas it was rather upregulated in CHP134 cells on day 7 after the treatment with RA when many cells were undergoing apoptosis (Figure 5a ).
To further confirm the above observation seen in neuronal cell lines, we examined the changes in BMCC1 expression in superior cervical ganglion (SCG) neurons obtained from newborn mice in primary culture. The cultured cells were treated with 50 ng/ml NGF for 5 days (induction of neuronal differentiation) and then depleted NGF from the medium and added anti-NGF antibodies to induce neuronal apoptosis. As shown in Figure 5b , induction of differentiation by NGF decreased expression of BMCC1, whereas the NGFdepletion-induced apoptosis was accompanied with increase in BMCC1 expression. This was very similar to the changes in expression of c-jun and Bim which had already been reported (Whitfield et al., 2001) . Thus, the levels of BMCC1 mRNA are changed during neuronal differentiation and apoptosis in an opposite manner.
Enhanced NGF-depletion-induced apoptosis in SCG neurons obtained from BMCC1 transgenic mice We next generated BMCC1 transgenic mice by using the expression construct with the tyrosine hydroxylase promoter-driven promoter to examine the functional role of BMCC1 in the sympathetic neurons. The SCG neurons obtained from either control or transgenic newborn mice were subjected to primary culture. The integration of the BMCC1 in the mouse genome and its overexpression in SCG neurons were confirmed by both Figure 6a ) and Western blot (data not shown). The treatment of the transgenic SCG neurons with NGF in primary culture induced neurite extension similarly to control cells, but induction of apoptosis after depleting NGF was significantly enhanced in the cells overexpressing BMCC1 (Figure 6b-d) . This suggested that BMCC1 overexpression may function as proapoptotic in neuronal cells.
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Discussion
The presence of the highly conserved BCH domain in BMCC1 suggests its role in the regulation of apoptosis. BNIP2, which shares the BCH domain with BMCC1, has originally been identified as a molecule interacting with the adenovirus E1B 19-kDa protein. The E1B protein protects the cells from apoptosis induced by viral infection or other proapoptotic stimuli (Gooding et al., 1991; Hashimoto et al., 1991; White et al., 1992; Boyd et al., 1994) . Bcl-2 and its related antiapoptotic proteins can functionally substitute for the E1B 19-kDa protein and bind to BNIP2. Therefore, it has been suggested that BNIP2 is a potential proapoptotic protein (Subramanian et al., 1995) .
On the other hand, Cdc42 regulates the activation of the c-Jun amino-terminal kinase (JNK) in various cells (Bagrodia et al., 1995; Coso et al., 1995; Zhang et al., 1995) . Cdc42 induces an apoptosis mediated by the JNK-MAP kinase cascade in Jurkat T lymphocytes (Chuang et al., 1997) . The apoptosis is prevented by inhibitors of caspases, suggesting that activation of the 
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T Machida et al JNK pathway by Cdc42 is regulated by caspases. The interactive regulation between activation of JNK pathway and that of caspase cascade has also been reported in other biological systems (Cahill et al., 1996; Juo et al., 1997; Lenczowski et al., 1997; Seimiya et al., 1997) . Cdc42 is also known to function as an initiator of neuronal cell death by activating a c-Jun-regulated transcriptional machinery (Bazenet et al., 1998) . Cdc42GAP is a Cdc42-activating protein and, like Cdc42, binds to BNIP2 through the BCH domain when it is dephosphorylated at the tyrosine residue. Thus, the proteins with the BCH domain including BMCC1 seem to function in the regulation of apoptosis. The 'EYV' motif in the BCH domain, which is necessary for binding BNIP2 and Cdc42, is also conserved in the same domain of BMCC1. The role of P-loop in the regulation of apoptosis may also be important. Recently, it has been reported that ARTS (apoptosis-related protein in the TGF-b signaling pathway) mediates apoptosis through its P-loop motif. ARTS is a member of the septin family, localizes in cellular mitochondria and plays a role in regulating apoptosis. The P-loop consensus sequence is found in the proapoptotic protein, Apaf-1/CED-4 (Yuan and Horvitz, 1992; Zou et al., 1997; Larisch et al., 2000) . It is interesting that BMCC1 also possesses a P-loop motif, also suggesting its proapoptotic function. The biological importance of BNIP2 has been reported in the neuronal system. Expression of BNIP2 is developmentally regulated during the maturation of rat brain (Zou et al., 1997) . The recent reports suggest that expression of BNIP2 is downregulated by the treatment of NBL cells with estrogen (Garnier et al., 1997) , and that both estrogen and progesterone promote survival of NBL cells through the BNIP2 function during the apoptosis induced by TNF-a (Vegeto et al., 1999) . Furthermore, BNIP2 has been identified to be a putative downstream substrate of the FGF receptor tyrosine kinase signaling and possesses GTPase-activating activity to Cdc42. Thus, BNIP2 as well as Cdc42GAP seems to play a role in controlling the intracellular signals of neuronal differentiation and apoptosis.
However, our present results show that, among the molecules with the BCH domain, only BMCC1, but not BNIP2 or Cdc42GAP, is differentially expressed among the NBL subsets, significantly at higher levels in favorable tumors than the aggressive ones. This suggests that BMCC1, rather than BNIP2 or Cdc42GAP, is functioning in vivo in favorable NBLs undergoing neuronal differentiation and/or programmed cell death. The importance of BMCC1 in NBL cell death has also been demonstrated in the study using neuronal cell lines. The RA-induced apoptosis of CHP134 NBL cells is accompanied with increased expression of BMCC1, while induction of differentiation in RTBM1 cells rather decreases its mRNA level. In the former system, the RA-triggered apoptosis induced upregulation of both Increased expression of BMCC1 in favorable neuroblastoma T Machida et al p21 WAF1 and caspase-3, and downregulation of survivin. The downregulation and upregulation of BMCC1 expression was also observed in the newborn mouse SCG cells undergoing NGF-induced differentiation and NGF-depletion-induced apoptosis in primary culture, respectively. Furthermore, in SCG neurons obtained from newborn transgenic mice for BMCC1, NGFdepletion-induced apoptosis was significantly enhanced. Thus, these results strongly suggest that BMCC1 is stimulated or acts as a proapoptotic factor when the neuronal cell death is induced.
BMCC1 mRNA is induced at G1 phase of the cell cycle. The physiological significance of the cell cycledependent expression of BMCC1 is currently unclear. However, activated Cdc42, a BMCC1-related molecule, also induces G1 cell cycle progression in quiescent Swiss 3T3 fibroblasts (Yamamoto et al., 1993; Olson et al., 1995) and upregulates E2F transcriptional activity in NIH3T3 cells to induce accumulation of cyclin D1 and hyperphosphorylation of RB protein (Gjoerup et al., 1998) . BMCC1 may also play a role in G1-phase progression of the cell cycle via unknown mechanism.
Our statistical analysis has strongly suggested the importance of BMCC1 expression in predicting the prognosis of NBLs. The BMCC1 expression is upregulated in favorable NBLs and downregulated in unfavorable, advanced stages of NBLs. The similar pattern of expression in NBLs has also been reported in TrkA (Nakagawara et al., 1993 (Nakagawara et al., , 1994 Nakagawara, 1998 Nakagawara, , 2001 ), c-Ha-Ras (Tanaka et al., 1998) , CD44 (Favrot et al., 1993) and pleiotrophin (Nakagawara et al., 1995) . Here, we have added expression of BMCC1, at either mRNA or protein level, as a new prognostic indicator of favorable NBLs. Furthermore, our preliminary result has suggested that activated TrkA physically interacts with BMCC1, which in turn regulates the downstream signaling to control growth, differentiation and survival of neuronal cells (unpublished data). Therefore, BMCC1 could be a key regulator of TrkA-activationmediated intracellular signaling pathway in favorable NBLs, that is defective in aggressive tumors such as those with MYCN amplification. Thus, BMCC1 might be an important molecular tool to develop new therapeutic strategy against aggressive NBLs.
Materials and methods
Patients
We studied tumors from 98 children with NBL which had been diagnosed between 1995 and 1999. In all, 55 patients were One patient who had missing MYCN information excluded from the analysis. All variables were grouped into two categories, except BMCC1 expression (log). HR, hazard ratio; 95% CI, confidence interval.
Increased expression of BMCC1 in favorable neuroblastoma T Machida et al identified by a MS program started in 1985. The selection of tumors for this study was solely based on the availability of a sufficient amount of tumor tissue, from which DNA and RNA could be prepared for the analyses described below. The diagnosis of NBL was confirmed by histologic assessment of the tumor specimen obtained at surgery according to the Shimada's classification (Shimada et al., 1984) . The tumors were staged according to the International NBL Staging System (INSS) . In all, 39 tumors were stage 1, 15 stage 2, five stage 4, 10 stage 3 and 29 stage 4. The patients were treated according to the protocols previously described (Kaneko et al., 1998) .
Tumor samples and cell lines
Fresh, frozen tumorous tissues were sent to the Division of Biochemistry, Chiba Cancer Center Research Institute, from various hospitals in Japan with informed consent from the patients' parents. All samples were obtained by surgery (or biopsy) and stored at À801C. Studies were approved by the Institutional Review Board of the Chiba Cancer Center. Human cell lines which we used, except for COS-7, HEK 293 and HeLa cells, were cultured in the RPMI1640 medium (Nissui Pharmaceutical Co. Ltd, Tokyo, Japan) with 10% fetal bovine serum (FBS, Invitrogen Corp.) and 50 mg/ml penicillin/streptomycin (Invitrogen Corp.) at humidified 5% CO 2 /95% air at 371C. COS-7, HEK 293, and HeLa cells were grown in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% (v/v) FBS, 2 mM L-glutamine (Nissui Pharmaceutical Co. Ltd), 50 U/ml penicillin, and 50 mg/ml streptomycin.
Treatment of cell lines with RA NT2, CHP134 and RTBM1 were seeded at a density of 1 Â 10 6 cells per 10 cm tissue culture dish in the presence of 5 mM RA on the day of induction. The cells were grown for 7 days with substituting for culture medium with RA every other day. Total cellular RNA for preparing the RT-PCR templates was extracted after culturing for 7 days.
Cell cycle analysis
Approximately 50-70% confluent of HeLa cells were treated each by 400 mM mimosine for 18 h (G1 arrest), 2 mM thymidine for 20 h (S arrest), and 0.6 mg/ml nocodazole for 18 h (G2/M arrest). After confirmation of a synchronization of cultured cells by FACS, total RNA was extracted and the expression of BMCC1 was examined by RT-PCR.
Northern blot analysis
Total RNA (25 mg) prepared from cell lines was electrophorased in 1% agarose-formaldehyde gels and transferred to a nylon membrane. For the hybridization probe, 1.5 kb fragment in 3 0 part of BMCC1 was used. Hybridization and washing were performed as described previously (Nagai et al., 2000) .
Transfection and antibodies
Cells at 90% confluence in 60-mm plates were transfected with indicated plasmids using FuGENE 6 transfection reagent (Roche) for COS-7 and Lipofectamine 2000 reagent (Invitrogen) for HEK 293 cells according to their manufacturer's instructions. To generate the BMCC-1-specific antibody, rabbit antiserum was raised against the peptides individually (residues 31-59, 836-858, 993-1022, 1378-1402, 1719-1737, 2180-2209, 2693-2714) of human BMCC1. The antibody specific to C-terminal end of BMCC1 is crossreacted to human (transfectants), mouse (Neuro 2A) and rat (PC12) BMCC-1. Antiactin IgG (polyclonal) was purchased from Sigma, St Louis, MO, USA.
Semiquantitative RT-PCR For semiquantitative RT-PCR analysis, 5 mg of total RNAs were converted to cDNA using random primers by Superscript II reverse transcriptase (Gibco-BRL). In all, 2 ml of the 100-fold dilution of cDNA was subjected to PCR. The 20 ml of PCR reaction mixture contained 1 mM forward and reverse primer specific for BMCC1, 250 mM deoxynucleotide triphosphates (dNTPs), 50 mM KCl, 10 mM Tris-HCl (pH 8.0), 1.5 mM MgCl 2 and 0.5 U Taq DNA polymerase (TAKARA, Otsu, Japan). The PCR amplification was carried out for 35 cycles (preheat at 951C for 2 min, denature at 951C for 15 s, annealing at 581C for 15 s, and extension at 721C for 20 s) in thermocycler (Perkin-Elmer Cetus, Foster City, CA, USA). The PCR products were electrophorased in 2.5% agarose gel, and visualized by UV illuminator. BMCC1 primer sequences were as follows; forward: 5 0 -CGTTTATTTGCCGGTAGG AG-3 0 , reverse: 5 0 -GCTCAGGCTCTTTGGTAGGA-3 0 . As a control, GAPDH primers (forward primer; 5 0 -CTGCACCAA CAATATCCC-3 0 , reverse primer; 5 0 -GTAGAGACAGGG TTTCAC-3 0 ) were also used with reduced cycle (28 cycles). Mouse superior cervical ganglion (SCG) cells were cultured with NGF for 5 days and were further cultured with or without NGF for indicated intervals (12, 24 and 48 h) (see Figure 6b , upper panels). Tubulin primers were used for standardization of the cDNA concentration for semiquantitative RT-PCR. c-jun and Bim were also used for positive controls.
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Quantitative real-time PCR analysis
For quantification of BMCC1 in primary NBL, cDNA was synthesized with random primers by Superscript II reverse transcriptase (Gibco-BRL) from 15 mg of primary tumor total RNA. The following primers and probe were used; forward primer 5 0 -GGACAGTGGTCATTGGAGAACA-3 0 , reverse primer 5 0 -TTAGACCGTCCCCATAGTATCCTC-3 0 , probe 5 0 -FAM-ACATGAAGGTCATCGAGCCCTACAGG AGAG-TAMRA-3 0 . GAPDH primers and probes for control were purchased from Applied Biosystems. Quantitative realtime PCR analysis was performed by ABI7700 Prism sequence detector (Applied Biosystems), according to manufacturer's instructions using 1 Â TaqMan Universal PCR Master Mix.
After denaturing at 951C for 10 min, PCR amplification followed by 40 cycles of denaturation at 951C for 15 s and annealing/extension at 601C for 1 min. A quantification of BMCC1 mRNA in each samples was carried out by comparing with a standard curve, which was generated by reacting the plasmid containing BMCC1. Furthermore, GAPDH mRNA quantification was also performed for a standardization of the initial RNA content of each samples.
Exon prediction and bioinformatics BLAST search against genome database revealed that 5 0 -region of Nbla00219 was matched to the genome sequence of a BAC clone RP11-146P9 (GenBank accession no. AL161625). We used GENESCAN algorithm Karlin, 1997, 1998) , and FGENESH algorithm (Solovyev and Salamov, 1999) to predict ORF from the genome sequence, and designed primers from each deduced exons. Using these primers and primers from 5 0 -region of Nbla00219 cDNA, RT-PCR was performed to confirm the real exons. All PCR products were sequenced by the ABI automatic DNA sequencer (Perkin-Elmer Cetus) and resulting sequence were assembled to the full-length BMCC1 cDNA. Bioinformatic analysis was performed using the PSORTII algorithm (Horton and Nakai, 1996) , the SOPM algorithm and the TM pred algorithm against the predicted amino-acid sequences of BMCC1.
In situ hybridization Section in situ hybridization was carried out as described previously (Takihara et al., 1997) . The embryos were collected from pregnant females, and the morning the vaginal plug was detected was recorded as E0.5. A riboprobe was synthesized with digoxygenin-UTP and T3 or T7 polymerase (Roche Molecular Biochemicals). The alkaline phosphatase reaction was performed with NBT-BCIP (Roche Molecular Biochemicals). The riboprobes used for the section in situ hybridization were transcripts of the genomic DNA fragments of the BMCC1 gene, a 835 bp PCR product of exon 3: the primers used are 5 0 -GAGATACTGGAGTTAGAAGAAG-3 0 and 5 0 -TTCGGTCTTGGCTTTCTGGGTC-3 0 .
Immunohistochemistry
NBLs of favorable histology (Shimada system) without MYCN amplification and those of unfavorable histology with MYCN amplification were analysed. Anti-BMCC1 antibody was diluted to 1:50 and applied to the immunostaining. After deparaffinization, the sections were treated with 0.05% pronase solution for 5 min at room temperature. The biotinstreptoavidin method (Nichirei, Tokyo, Japan) was performed, and the reaction was visualized with diaminobenzidine solution.
Generation of BMCC1 transgenic mice
The full-length cDNA encoding human BMCC1 was subcloned into the EcoRI site of the multicloning site region of the transgenic expression vector pCAGGS. The resulting plasmid, pCAGGS-BMCC1, was digested by Alw44I to isolate the transgenic cassette consisting of the CMV enhancer, the chicken b-actin promoter, the BMCC1 cDNA, and the rabbit b-globin poly(A) sequence. The isolated region was purified for pronuclear injection into mouse embryos from FVB mice (Charles River Japan Inc.). Mouse embryos (fertilized one-cell zygotes) were injected and implanted in female CD-1 mice (Charles River Japan Inc.) at Japan SLC Inc. (Shizuoka, Japan). BMCC1 transgenic mice were identified by slot blot analysis using genomic DNA prepared from mouse tails. BMCC1-positive founder transgenic mice then were backcrossed at least three times with C57BL/6 mice. Positive mice comprising the F 4 generation were subjected to SCG analyses.
Primary culture of newborn mice SCG cells Primary cultures of sympathetic neurons were generated from dissociated SCG of postnatal-day 1 wild-type and transgenic mice as described previously (Lee et al., 1980) . The cells were plated onto collagen-coated 24-well dishes at a density of around two ganglia per well and maintained in Modified Eagle's Medium supplemented with 10% heatinactivated donor serum and 50 ng of mouse NGF per ml.
A mixture of uridine and 5-fluorodeoxyuridine (10 mM each) was added on the following day to eliminate nonneuronal cells.
Statistical analysis
The Student's t-tests were used to explore possible associations between BMCC1 expression and other factors, such as age.
Since the values of the BMCC1 expression were skewed, a log transformation was used to achieve the normality when using t-test and Cox regression. The distinction between high and low levels of BMCC1 was based on the median value of the real-time PCR data (low, BMCC1 o0.86 d.u.; high, BMCC1 X0.86 d.u.), regardless of tumor stage, MYCN copy, or survival. Kaplan-Meier survival curves were calculated, and survival distributions were compared using the log-rank test. Cox regression models were used to explore associations between BMCC1, age, MYCN, MS, origin and survival. Statistical significance was declared if the P-value was o0.05. Statistical analysis was performed using Stata 6.0. (Stata Corp. 1998 . Stata Statistical Software: Release 6.0 College Station, TX: Stata Corporation).
